showed a relationship between the serogroups and groups obtained by biochemical differentiation and electrophoretic analyses. One previous study of the H antigens of B. cereus was made by Lemille, de Barjac and Bonnefoi (1969) who demonstrated 17 serotypes among 33 cultures, mainly isolates from insects.
The present paper describes the application of a provisional typing scheme to the epidemiology of B. cereus food poisoning.
MATERIALS AND METHODS Strains. The strains of B. cereus used for the production of antisera are listed with their sources in table I. Four strains (nos. 4429, 4431, 4432 and 4433) Isolation of B. cereus from uncooked rice. Sixty-three samples of uncooked long-grain rice were obtained from Chinese and Indian restaurants in the North London area and portions, c. 25 g, were incubated in nutrient broth for 18 h at 35°C. Subcultures were made on to blood agar. The identity of B. cereus colonies was confirmed by further studies, including subculture on Kendall's B.C. medium and fermentation tests with glucose, arabinose mannitol and xylose (Gilbert and Taylor, 1975b) .
Serology
Preparation of flagellar " H " antigen. Cultures were grown in Craigie tubes containing semi-solid nutrient agar incubated at 30°C for 18-48 h. Several passages through fresh tubes were made to ensure active motility. Ninety-ml volumes of nutrient broth in 250-ml conical flasks were seeded with the surface growth from the final Craigie tube and incubated at 35°C on a rotary shaker (100 r.p.m.). After incubation for 5 h at 35°C the suspensions were examined by phase-contrast microscopy for active motility and the absence of spores.
Formalin was added to a final concentration of 1 % (v/v) and the suspensions were stored at 4°C.
Somatic " 0 " antigen. Cultures were grown on nutrient agar at 35°C for 48 h. Ninetyml volumes of nutrient broth were seeded from these cultures and incubated on a rotary shaker at 35°C for 5 h. The suspensions were held at 100°C for 1 h and stored at 4°C.
Preparation of antiserum. Antigen suspensions were washed five times in physiological saline and the final deposit resuspended to give a turbidity equivalent to that of a Wellcome Opacity Tube no. 6.
H antisera were prepared in rabbits by the intravenous administration of five doses of antigen; 0-2-, 0 . 5 , 1.0-, 2.0-and 2.0-ml volumes were given at 3-day intervals. The preparation of 0 antisera followed the same programme but with the addition of a further three injections of 2 ml of antigen at 3-day intervals. The rabbifs were rested for 7 days after the final dose and bled by cardiac puncture. The sera were stored at -30°C.
Agglutination tests. Tests were carried out in WHO agglutination trays. Doubling dilutions of 0.25-ml portions of serum were made and equal volumes of antigen suspension added. Trays were incubated at either 50°C for 2 h for H antisera or 35°C for 18 h for 0 ant isera.
Absorption tests (H antisera only). Five-ml volumes of nutrient broth were seeded with an actively motile culture of B. cereus and incubated for 4 h at 30°C. Two plates (6-in. diameter) of nutrient agar were flooded with the culture, excess broth removed and the plates incubated at 30°C for 18 h. The growth from these plates was scraped off the agar and mixed with 2 ml of a 1 in 10 dilution of serum in a centrifuge tube. The suspension was incubated at 50°C for 2 h, centrifuged and the supernate removed for agglutination tests.
RESULTS
The 18 strains of B. cereus listed in table I were used to prepare agglutinating sera against the H antigen. The 18 strains included representatives of outbreaks in Great Britain over a period of 3 years, and of incidents in Canada, the Netherlands and the USA, as well as strains isolated from routine samples of foodstuffs, and one clinical isolate. Each of the sera agglutinated its homologous cell suspension to a titre within the range 1280-20 480. Table I1 shows the cross-agglutination reactions of these antisera and the antigens against which they were prepared.
Cross-absorption tests were performed on the 18 sera and no significant absorption occurred with any B. cereus antigen-antiserum combination. When the B. cereus antisera were absorbed with known serotypes of B. thuringiensis, it was found that the agglutinating antibodies of serum no. 18 were completely absorbed by suspensions of B. thuringiensis serotypes IVA and IVB. No other cross-reactions were observed.
H-agglutination tests were done with the 18 antisera and a total of 137 isolates of B. cereus from 34 British and Australian outbreaks of food poisoning associated with cooked rice were serotyped (table 111). Table IV shows the distribution of serotypes in these outbreaks. Most of the isolates were of Several samples of uncooked rice yielded multiple serotypes ; for example, one sample contained types 3 and 12 and an untypable strain.
Attempts to produce agglutinating sera against the 0 antigen were less successful than against the H antigen. Titres obtained with the 0 preparations were within the low range of 80-160 and there were many cross-reactions at titres of 40-80. DISCUSSION Of the 18 H serotypes of B. cereus described in this study, three (types 1, 3 and 5) were most commonly associated with the outbreaks of food poisoning that we investigated. One of the three serotypes was involved, either alone or in combination with others, in 31 of the 34 outbreaks; all 34 were associated 7 The distribution in these 3 outbreaks was: (i) type 1 from faeces, types 1 and 4 from food:
I -
(ii) type 1 from faeces, types 1 and 7 from food; (iii) type 1 from faeces, types 1, 14 and 17 from food. 38 (57.6) 5 (7.5) 4 (6.1) 4 (6.1) 4 (6.1) 3 (4.5) 2 (3.0) 1 (1-5) 1 (1.5) l(1.5) 1 (1.5) 1 (1.5) 1 (1.5) * B. cereus was not isolated from seven of the samples.
with the consumption of cooked rice. Type 1 was the most common serotype isolated and appeared to be responsible for more than half of the outbreaks. These observations raise a number of questions. Are only certain serotypes of B. cereus capable of producing the emetic toxin responsible for the outbreaks, or are there factors such as heat resistance or growth rate that are selective for certain serotypes during the cooking and storage of rice? There seems little doubt that the uncooked rice is the source of B. cereus because the organism was isolated from 56 of 63 (89%) samples of uncooked rice. Gilbert, Stringer and Peace (1974) found that the storage of boiled or fried rice at kitchen temperature provides excellent conditions for the germination and outgrowth of B. cereus spores that have survived the boiling and frying process.
The findings of Gilbert, Stringer and Peace (1974) in studies with a small number of strains may help to explain the difference between the frequency of serotypes isolated from uncooked rice and from cooked foods incriminated in food-poisoning incidents. There was no significant difference between the growth rates of type-1 isolates of B. cereus from outbreaks and a type-18 isolate from a sample of uncooked rice, but the type-1 isolates were more heat resistant both in aqueous suspension and in rice during cooking. This merits further study with more strains.
The results of serotyping support the theory that B. cereus may cause two distinct forms of food-borne illness. The strains available from incidents of food poisoning in the USA, Canada and continental Europe that are characterised by a longer incubation period and that have diarrhoea as the main symptom have provided serotypes of 2, 6, 8, 9 and 10, whereas those causing the rice-associated emetic illness in Great Britain and Australia are usually of serotypes 1, 3 or 5. These serological differences are paralleled by differences in salicin fermentation (Gilbert and Taylor, 1975b) . Work is in progress on the isolation and purification of the toxins associated with B. cereus food poisoning and it is hoped that this work together with feeding tests will elucidate the apparent differences in incubation time and clinical symptoms observed in outbreaks in different countries.
SUMMARY
A provisional serotyping scheme for Bacillus cereus has been developed. Eighteen selected cultures of B. cereus isolated from foods and clinical specimens were used to prepare agglutinating sera against the flagellar antigen. There were no significant cross-reactions between the sera.
The sera were used to type 137 isolates of B. cereus from 34 British and Australian incidents of food poisoning associated with the consumption of cooked rice. The majority of the isolates from samples of food (56 of 84; 66.7 %) and from clinical specimens (43 of 53; 81.1 %) were of H-serotype 1. Types 1, 3 and 5 were isolated from foods, clinical specimens or both, obtained from 31 of the 34 episodes.
Sixty-six isolates of B. cereus were obtained from 63 samples of uncooked long-grain rice. The majority of the isolates (38 of 66; 5706%) were untypable and types 1, 3 and 5 made up only 5 of 66 (75%) of the total.
